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(54) Title: METHOD FOR TREATING WASTE MATERIAL CONTAINING HYDROCARBONS 
(57) Abstract 

The present invention relates to a method 
for treating waste material containing hydrocar- 
bon, wherein the waste material is supplied in a 
reactor, gas containing oxygen is supplied in the 
reactor, said substances are combusted to form 
gaseous combustion products and solid residue 
and said solid residue is discharged from the re- 
actor. The gas containing oxygen is supplied con- 
tinuously in the reactor in amounts insufficient 
for complete oxidation of the waste material, said 
gas containing oxygen is supplied so as to pass 
it thrxMjgh a layer of said solid residue and the 
gaseous combustion products are passed through 
a layer of untreated waste material to form a prod- 
uct gas containing hydrocarlxms and droplets of 
liquid hydrocartxms. . 
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METHOD. FOR TREATING WASTE MATERIAL CONTAINING HYDRO- 
CARBONS 

The present invention relates to a method for 
treating waste material containing hydrocarbons, whe- 
5 rein said material is supplied to a reactor, gas con- 
taining oxygen is supplied to the reactor, said sub- 
stances are combusted to form solid residue and said 
solid residue is discharged from the reactor. 

In this disclosure waste material containing 

10 hydrocarbons means any kind of material containing 
. hydrocarbons (with longer or. shorter carbon chain),, 
found in the nature, produced chemically, formed in 
mineral or mechanical processes, foirmed through lea- 
kings of materials containing hydrocarbon into soil, 

15 etc. Especially, the method is directed to treating 
waste materials, ie. sludges containing heavy liquid 
and/or solid hydrocarbons, solid incombustible materi- 
als, water, etc. Further, the invention provides a 
method for treating industrial waste materials 

20 obtained in thermal treatment of metals and comprising 
oils, possibly partially oxidized or carbonized, fer- 
rous oxides,, and other admixtures; crude oil spills, 
mixed, with solid impurities; slurries and sludges, 
such as sediments of oil tanks, bituminous sands, etc. 

25 Hereafter all such materials are referred to as waste 
materials. 

Waste materials are difficult to process for 
disposal purposes. The disposal of waste materials 
through environmentally acceptable incineration, re- 

30 covering the energy content and recovering their hy- 
drocarbon contents in a processible form by conven- 
tional techniques is problematic. Direct incineration 
of. waste materials is usually hampered by their high 
viscosity and the presence of solids therein, which 

35 prevent the application of conventional . incineration 
methods, such as atomization in fuel jets. Isolation 
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of hydrocarbons by distillation is genierally energy 
consuming. . 

From patent specification JP 51-334 8 6 a 
method is known for disposal of oxides containing oil 
5 by adding them to an agglomeration mixture with fur- 
ther thermal treatment in a rotary kiln. The hydrocar- 
bons are burnt in the process, yielding additional 
heat/ and the iron oxides enter the mixture. This 
method has relatively narrow applicability, only in 
10 some metallurgical processes, and relatively high en- 
ergy, costs if it is used in oil incineration. 

, . From patent specification RU 1090972 a method 
is known for disposal of wastes containing oil and 
iron; In this method, liquid. waste oils are dehydrated 
15 .until the fuel contents of 30 - 95 % is attained and. 
are further burnt at a relatively substoichiomet ric 
air (0.35 - 0,65 of stoichiometric oxygen). At the 
smoke temperature of 950 - 1100 the dehydrated 

waste is treated with the gaseous combustion products 
20 and, after reduction of metal oxides, the gaseous 
products are afterburnt, the heat of smoke gases being 
used for dehydration of the waste. The main disadvan- 
tage of this method is the stage of water evaporation, 
which hampers environmental safety of the process and 
25 makes the method complicated. Further, the method has 
a narrow field of economical application. 

From the patent specification US 4 95704 8 a 
method is known, wherein crude oil. slurries and other 
slurries containing heavy hydrocarbons are inciner- 
30 ated. The slurries are mixed with diatomite or perlite ■ 
so as to obtain a friable mass that is further applied, 
to an incinerator type of rotary kiln or a fluidized 
bed tubular furnace where the mixture is • burnt to 
yield smoke gases and solid residue that is virtually 
35. free of hydrocarbons- The solid residue can be recy- 
cled for mixing with fresh oil slurries. This method 
has a number of disadvantages. The use of conventional 
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rotary, kilns is associated with high energy expendi- 
ture. Apart from that, due to the entrainment of par- 
ticulates in flue gas flow, the system requires a com- 
plicated secondary cleansing for smoke gjases involving 
5 cyclones and/or scrubbers- Another disadvantage of the 
rotary kiln embodiment is caused by., the unburnt carbon 
present in solid residues. The latter must be after- 
burnt in a fluidized bed furnace. When fluidized bed 
reactors are used, the method is. sensitive to the size 

10 of particulates > both initially contained in waste oil 
and added in preparing the mixture. 

An object of the. present invention is to 
eliminate the drawbacks of the prior art . 

Another object of the present invention is to 

15 provide an environmentally safe and energy-efficient 
. method for treating a variety of waste materials, con- 
taining hydrocarbons. 

Another object of the present invention is to 
provide a method for treating waste material contain- 

20 ing hydrocarbons,, wherein at least a part of the hy- 
drocarbons may be recovered. 

Regarding the features characterizing the in- 
vention, reference is made to the claims section. 

According to the invention gas or gasifying 

25 agent containing oxygen is supplied continuously in 
the reactor in amounts sufficient for complete oxida- 
tion of the waste material, said gas or gasifying 
agent containing oxygen is supplied so as to pass it 
through a layer of said solid residue and the gaseous 

30 combustion products are passed through a layer of un- 
treated waste material to form a product gas contain- 
ing hydrocarbons and droplets of liquid hydrocarbons.. 
- Accordingly the product gas comprises gaseous com- 
bustion products of hydrocarbons. Because of the sub- 

35 stoichiometric amount of oxygen, the combustion prod- 
ucts comprise carbon monoxide and hydrogen in addition 
to carbon dioxide and water. 
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According to an advantageous embodiment, the 
gas containing oxygen is supplied to the reactor coun- 
terciirrently to the supply of the. waste material so 
that the combustion zone is formed. 
^ Accordingly, the combustion zone is formed in 

the middle part of the reactor, that means between the 
ends of the reactor. The gas or gasifying agent con- 
taining oxygen is supplied to the reactor at a point 
after the combustion zone in the streaming direction 
10 and the gaseous products are discharged from a point 
before the combustion zone in the streaming direction 
of the waste material. 

To. enhance the yield of hydrocarbons, in or- 
der to promote their evaporation, one can introduce 
15 steam into the zone where hydrocarbons are heated by 
the hot product gas. 

In the following, the invention is disclosed 
with nonrestricting examples referring to figs 1 and 2 
showing schematical flow charts of two embodiment ex- 
20 . amples, and with Examples 1 and 2. 

For implementing the treating process the 
was-.ie material charged into, the reactor 2 is prefera- 
bly sufficiently gas-permeable. If the waste, material 
1 contains enough solid particles of sufficiently 
25 large dimension, the waste material 1 can be treated 
as it is. When the contents of solids of the waste ma- 
terial is low or particle size is too .small . (so as to 
hamper ga^ permeability) , the waste material may pref- 
erably be, prior to charging into the reactor, be 
30 mixed with solid incombustible material 3 that has a 
melting point high enough to avoid agglomeration; the 
solid material may be e.g. firebrick pieces. Alterna- 
tively, the solid inert material may be charged into, 
the reactor without preliminary mixing it with the 
35 waste material (e.g., in intermittent layers) if this 
mode of chargihg secures sufficient gas permeability 
and homogeneity on the average of the charge. To se- 
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cure high gas permeability, the inert material having 
presdominantly pieces size over 20 mm may be used. The 
experiments carried out have shown that with this size 
of particles the pressure drop in the charge at the 
.5 gas flow rate of 1000 m^/h of per 1 m^ reactor cross- 
section did not exceed 500 Pa/m. This makes it possi- 
ble to perform a process at low pressure drop in the 
reactor, this drop may be provided with a fan and not 
a compressor. As this inert material pieces of waste 

10 refractory or some special itiems such as tubular cyl- 
inders may be used. 

The process may be initiated by injecting 
into the reactor gas or gasifying agent containing 
oxygen, preliminary heated to a temperature over 4 00 
\15 **C. The preheated gasifying agent may be supplied dur- 
ing a time sufficient to establish in the reactor the 
zone of gasification. This zone establishes as a re- 
sult of ignitation . of the changed waste material in a 
section of the reactor adjacent the gasifying agent 

20 inlet. As a result, a processing zone establishes in 
the reactor. In this zone, as the charge, heats up, the 
following processes occur successively. Light hydro- 
carbons condense forming suspended fine droplets of 
oil, lighter fractions of the waste oil material 

25 evaporate, heavier fractions of waste oil material py- 
rolyze yielding char, the char and possibly a part of 
heavy ofganics burn. 

The combustion zone moves with respect to the 
charge. When a stationary processing zone establishes 

30 in the reactor,, the preheating of the gasifying agent 
6 is redundant and cool gasifying agent is supplied to 
the reactor substpichiometrically, in the. amount in- 
sufficient for complete oxidation of organics; the 
gasifying agent being supplied so as to. pass it 

35 through • a layer 7 of hot solid residue free of carbon 
and hydrocarbons formed as the processing zone 5 
propagates over the charge. The product gas formed in 
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the processing zone 5, which bears fine droplets of 
condensed hydrocarbons (and possibly water) generally 
contains carbon mbno- and dioxide, nitrogen, hydrogen, 
hydrocarbon gases, etc. Th4 product gas is directed 
5 through a layer 9 of an unprocessed waste, material and 
withdrawn or discharged from the reactor. 

The process described can be performed either 
in a continuous mode or in batches. In the. first case 
the, waste material (processing mixture) is supplied to 
10 the reactor continuously or in portions and the solid 
residue of the process is discharged from the reactor 
continuously or in portions. In the second case, the 
reactor is. recharged after the charge was processed 
and the reactor extinguished. In the first case, the 
15 processing zone remains on average stationary with re-- 
. spect to the reactor, although it propagates with re- 
spect to countercurrently moving charge. In the second 
case, the processing zone moves along the stationary 
charge with respect to the reactor. 
20 The processing in the system when the gasify- 

ing agent 6 and then the product gas 8 successively 
passes through the solid residue of the process 10 and. 
the solid charge, respectively, owing to interface 
heat exchange, provides a possibility to substantially 
25 reduce both temperature of the product gas and that of 
the solid residue. This provides a possibility to ac- 
cumulate heat in the zone where the combustion occurs 
and secures complete burning of the char. Apart from 
that, unlike in the prior art, the filtration of the 
30 product gas through fresh oil allows to prevent en- 
tra-^nment of particulates in the gas flow; this dra- 
matically simplifies further cleansing of smoke, gases. 
Another advantage over the prior is that this method, 
once initiated, is self-sustained with the heat of the 
35 combustion and does not require any additional energy 
supply. However, when waste material or oils contain- 
ing extremely little of non-volatile organic matter is 
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to be processed, one may use the present method by in- 
tentionally adding some solid fuel 11 (e.g. up to 10 % 
by weight) to the charge. Such a solid fuel can be any 
one of organic containing carbon, in particular, wood, 
5 textile, pulp waste, peat or coal fines, etc. 

The present method, since it is distinguished 
by the accumulation of the combustion heat in the 
processing zone (the heat is stored by the heated 
solid residue) is stable with respect to fluctuations 
10 in flow rates, inhomogeneities of the charge and 
variations of composition of the gasifying agent. Even 
. . after a complete shutoff of supply of the gasifying 
agent, the process may be relit by simple resumption 
the supply during the time when the temperature of the 
15 charge remains high. 

By varying the ratio of the mass of the com- 
ponents of the charge that burn in the combustion zone 
(contained in the oil and intentionally introduced) to 
the mass of solid residue, one can widely control the 
20 temperature of the combustion zone and the width of 
the latter. Possible variations are high indeed. Thus 
experiments on a model composition comprising lubri- 
cating oil, coal dust, and pieces of firebrick (26 : 3 
: 71 by weight) with air uised as a gasifying agent, 
25 showed that gasification and afterburning of the prod- 
uct gas proceed steadily without any external heat 
source; the maximum . combustion temperature amounted to 
.1100 "^C. Only at the contents of carbonized fuel lower 
than 0.02 of the solid residue, the process grows un- 
30 stable. In the latter case, temperature in the proc- 
essing zone decreases after ignition and the process 
extinguishes- An increase in the above ratio until a 
certain ratio that depends on the particular composi- 
tion of waste oil results in higher temperature in the 
35 combustion zone and enhanced width of the latter. Over 
this limit the combustion temperature decreases in 
spite of higher concentration of the solid fuel. This 
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reduction is due to lower accumulation of heat by the 
solids in the processing zone, 

When processing waste oils with a high con- 
tent of heavy fractions (high yield of char) one can, 
5 in order to reduce the maximum temperature of combus- 
tion and improve the. calorific value of the product 
gas, introduce water in the gasifying agent so as to 
relay heat effect of combustion to the product gas ow- 
ing to water gas reactions. 
10 The solid residues of the process that pass 

through the combustion zone are substantially free of 
hydrocarbons, char, and prgariics . In most cases, they 
can be easily disposed of. In particular, the process- 
ing of waste oils of metallurgy may yield useful prod- 
lb ucts, such as ferrous oxides that might be used. The. 
solid residue or its part, possibly after elimination 
of fines, may be reused for making the mixture to be 
charged into the reactor. 

The product gas may be easily and environmen- 
20 tally friendly disposed of using known techniques. In 
particular, it may be burnt in an afterburner, where- 
into secondary air 15 sufficient for complete oxida- 
tion of hydrocarbons is injected. Small size of the 
hydrocarbon droplets secures fast, complete, and clean 
25 combustion thereof. The heat released in aftercombus- 
tion may be used, e.g. by directing smoke gases 16 to 
boiler 17. 

In some cases it is economical to direct, 
prior to afterburning, the product gas into a con- 

30 denser, wherein at least a part of the condensable 
hydrocarbons 18, which are substantially free of sol*-, 
ids and are typically composed of lighter fractions 
than the. initial oil, may be recovered and directed 
for use according to conventional techniques. 

35 Figure 2 schematically presents an embodiment 

example of the method in the case when the hydrocar- 
bons produced have no other value but for their heat 
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contents. In this example a secondary bombustion is 
performed in the reactor 2, in a part of its volume 19. 
that is substantially free of processing mixture and 
wherein the secondary air 15. for complete burning of 
5 the product gas is injected. 

EXAMPLE 

In laboratory experiments the materials pre- 
sented in the table 1 were mixed with firebrick pieces 
10 size of 20 to 50 mm (1-3, 5 or, 7-10 mm (4, 6) and 
solid fuel in quantities shown in the table. 

■ . . TABLE 1 





Mater 


HC, 


ASH, 


HUM, 


ADF, 


I , 


STM, 


HCR, 


PR, 






%/w 


%/w 


%/w 


%/w 


%/w 


%/w 


%/w 


m/h 


1 


IND 


80 


10 


10 . 




79 


2^ 


... * 


1.7 


2 


IND 


80 


10 


10 . 




79 


30 


50 


1.9 


3 


LBR 


95 


2 


3 


10** 


65 


0 


7.0 


1.6 


4 


SED 


60 


30 


10 


8*** 


67 


20 


63 


2.3 


5 


SOIL 


18 


36 


46 


8** 


67 


2* 


. . - * • 


2.1 


6 


ETS 


16 


80 


4 


7** 


40 


20 


47 


1.5 


7 


ASP 


19 


79 


2 






20 


... * 


1.2 



15 * natural air humidity 

♦ product gas was aft erburnt directly 
** coal fines 
♦** sawdust . 

20 In the table 1, IND is spent industrial oil 

of thermal treatment, LBR is. spent lubricant oil, SED 
is sediment from a black oil tank, SOIL is soil con- 
taminated with crude oil and lubricant oils spill, BTS 
is bituminous sand and ASP is asphalt. 

25 HC is hydrocarbons content in material, ASH 

is ash content, HUM is humidity; ADF is the quantity 
of solid -fuel added to the processing mixture, I is 
the fraction of solid inert material added to the mix- 
ture, STM is the fraction of steam in gasifying agent; 

30 HCR is the fraction, of hydrocarbons recovered in the 
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form of liquid oil, and PR is linear processing rate 
of the fresh processing mixture in the reactor .( i . e . , 
the linear rate' of propagation of the gasification 
zone along the processing mixture) . 
5 The prepared mixtures were charged into a cy- 

lindrical reactor. The ignition was achieved by means 
of injecting into the reactor hot (400-450 ^'C) air for 
several minutes. In the course of the . established 
process, air at room temperature or 100 ""C air-steam 
10 mixture was supplied to the reactor. After the process 
was. initiated, the process proceeded with intense for- 
mation . of the product, gas bearing extremely, fine, 
(about 1 urn) oil droplets and containing nitrogen, 
carbon di- and monoxide,, hydrogen, and uncondensable 
. 15 . hydrocarbons. In certain cases, a fraction of. liquid 
hydrocarbons was condensed in a winding tube to yield 
liquid oil (collected together with water, with which 
the oil readily stratified) . In all the cases men- 
tioned, the temperature in the processing zone ex- 
20 ceeded 800 **C (the maximum value was 1250 ''C) . The 
product gas burned steadily with the supply of secon- 
dary air in the afterburner. The smoke gases did not 
contain (within .100 ppm) nitrogen oxides and carbon 
monoxide. Neither soot nor dust particles were de- . 
25 tected in the smoke gases. The solid residue dis- 
charged from the reactor was free of char and hydro- 
carbons. After fractionating it, the- firebrick pieces 
recovered were repeatedly employed for preparation of 
the mixture: 
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PATENT CLAIMS 

1. A method for treating waste material con- 
taining hydrocarbon, wherein the waste material is 
supplied in a reactor, gas containing oxygen is supp- 

5 lied in the reactor,, said substances are combusted to 
form gaseous combustion products and solid residue and 
said solid residue is discharged from the reactor, 
characterized in that gas containing oxy- 
gen is supplied continuously in the reactor in amounts 

10 insufficient for complete oxidation of the waste mate- 
rial, said gas containing oxygen is supplied so as to 
pass it through a layer of said solid residue and the 
gaseous combustion products are passed through a layer 
of untreated waste material to form a product gas con- 

15 taining hydrocarbons and droplets of liquid hydrocar- 
bons. 

2. A method according to claim 1, 
characterized in that the gas containing 
oxygen is supplied in the reactor countercurrently to 

20 the supply of the waste material through the reactor 
so that a combustion zone is formed. 

3. A method according to claim 1 or .2, 
characterized in that the waste material 
is supplied to a vertical reactor type of a shaft 

25 kiln and the gas flow in the reactor is directed along 
the vertical axis of the reactor. 

4 . A method according to anyone of claims 1 - 
3, characterized in that the waste materi- 
al is supplied, to the reactor with, inert solid incom- 

30 bustible material. 

5. A method according to claim 4, 
characterized in that the inert solid in- 
combustible material comprises pieces predominantly 
having mesh size over 20 mm, 

.35 6. A method according to claim 4 or 5, 

characterized in that the waste material 
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and the inert material are mixed prior to supplying to 
the reactor. 

7 . A method according to anyone of claims 4 - 
6, c h a r a c t e r i z e d in that the solid incom- 

.5 bustible material comprises pieces of refractory mate- 
rials or waste refractory material. 

8. A method according to anyone of claims 4 - 
1, characterized in that the solid incom- 
bustible material is at least partly the solid residue 

10 obtained in the process. 

9. A method according to anyone of claims 1 - 
8v c h a r a c t e r i z e d in that solid fuel is 
supplied to the reactor wherein the amount of the so- 
lid fuel is 0 - 10 % by weight of the materials supp- 

15 lied to the reactor. 

10. A method according to anyone of claims 1 
9/ characterized in that the maximum 

temperature in the combustion zone and the width of 
the combustion zone are controlled by varying the mass 
ratio of the combustible materials burning within said 
zone to the solid residue of processing, and that said 
ratio is maintained over 0.02. 

11. A method according to anyone of claims 1 

- 11, c h a r a c t e r i z e. d in that the waste ma- 
25 terial is supplied to the reactor and the solid resi- 
dues are discharged from the reactor in batches after 
processing the charge is completed. 

12. A method according to anyone of claims 1 

- 10, characterized in that the waste ma- 
terial is supplied to the reactor and the solid resi- 
due is discharged from the reactor continuously or in 
portions without . interrupting the process. 

13. A method according to anyone of claims 1 
-12, characterized in that water is supp- 

35 lied to the reactor. 

14. A method according to claim 13, 
c h a r a c t e r i z e d in that water is supplied 



20 



30 
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to the reactor dovm the gas flow with respect to the 
combustion zone 

15. A method according, to claim 13 or 14, 
character, ized in that steam is supplied to 

5 the reactor together with the gas containing oxygen. 

16. A method according to anyone of claims 1 

- 15, characterized in that condensable 
hydrocarbons are recovered from the product gas. 

. 17. A method according to anyone of claims 1 
10- - 16, characterized in that the product 
gas is afterburnt until complete oxidation of hydro- 
carbons and combustible gases. 

.18. A method according to claim 17, 
c h a r a c t e r i zed in that afterburning is ar- 
15 ranged in a part of the reactor, which part is sub- 
stantially free of the waste material, by supplying 
hereto air for complete oxidation of hydrocarbons and 
combustible gases. 

19. A method according to claim 17 or 18, 
20 characterized in that the heat produced in 

the afterburning is usied in a boiler. 

20. A method according to anyone of claims 1 

- 19, characterized in that the combustion 
of the waste material is ignited by injecting air pre- 

25 heated over 400 **C into the reactor- 
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